The objective of our study is to introduce a fully automated, computational linguistic technique to quantify semantic relations between words generated on a standard semantic verbal fluency test and to determine its cognitive and clinical correlates. Cognitive differences between patients with Alzheimer's disease and mild cognitive impairment are evident in their performance on the semantic verbal fluency test. In addition to the semantic verbal fluency test score, several other performance characteristics sensitive to disease status and predictive of future cognitive decline have been defined in terms of words generated from semantically related categories (clustering) and shifting between categories (switching). However, the traditional assessment of clustering and switching has been performed manually in a qualitative fashion resulting in subjective scoring with limited reproducibility and scalability. Our approach uses word definitions and hierarchical relations between the words in WordNet s , a large electronic lexical database, to quantify the degree of semantic similarity and relatedness between words. We investigated the novel semantic fluency indices of mean cumulative similarity and relatedness between all pairs of words regardless of their order, and mean sequential similarity and relatedness between pairs of adjacent words in a sample of patients with clinically diagnosed probable (n ¼ 55) or possible (n ¼27) Alzheimer's disease or mild cognitive impairment (n ¼31). The semantic fluency indices differed significantly between the diagnostic groups, and were strongly associated with neuropsychological tests of executive function, as well as the rate of global cognitive decline. Our results suggest that word meanings and relations between words shared across individuals and computationally modeled via WordNet and large text corpora provide the necessary context to account for the variability in language-based behavior and relate it to cognitive dysfunction observed in mild cognitive impairment and Alzheimer's disease.
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Introduction
The question of how concepts are represented and associated with each other in the human brain has been the subject of many studies in multiple disciplines including neuroscience (Caramazza & Mahon, 2006; Chan, Butters, Salmon, & McGuire, 1993; Mahon & Caramazza, 2009; Patterson, Nestor, & Rogers, 2007; Pylkkanen, Llinas, & Murphy, 2006) , neuropsychology (Salmon, Butters, & Chan, 1999; Troyer, Moscovitch, Winocur, Alexander, & Stuss, 1998a,b; Weber, Thompson-Schill, Osherson, Haxby, & Parsons, 2009 ), psycholinguistics (Levelt, 1989 Tverski & Hemenway, 1984) , and computer science (Miller & Fellbaum, 1991; Rada, Mili, Bicknell, & Blettner, 1989; Resnik, 1999) . The pathway to a comprehensive answer to the question of conceptual representation is likely to be found at the intersection of multiple fields of study and approaches. For example, computational modeling of naturally occurring language (e.g., news, books, speeches, conversations) coupled with fMRI has strongly suggested that the patterns of hemodynamic activity in the brain in response to words presented as stimuli are predictable from the distributional co-occurrence statistics of these words in a very large corpus of text (Mitchell et al., 2008) . This study has convincingly demonstrated the value of using computational linguistic approaches in the investigation of semantic representations. Our present study further contributes to this investigation by introducing a novel, fully automated, computational linguistic technique based on the standard semantic verbal fluency test (SVF) to characterize the differences in semantic representations of the ''animals'' category in patients with mild cognitive impairment (MCI) and 
